Abstract HIV is a serious public health problem for homeless populations. Homeless men who have sex with women have received less attention in the HIV risk literature than other homeless populations. This research uses multi-level modeling to investigate the context of unprotected sex among heterosexually active homeless men in the Skid Row area of Los Angeles. Based on interviews with 305 randomly selected men who discussed 665 of their recent female sexual relationships, this project investigates the correlates of unprotected sex during the past 6 months at the partnership, individual, and social network levels. Several different measures of relationship closeness and lack of communication about HIV/condoms were associated with unprotected sex. Controlling for relationship factors, men's negative attitudes towards condoms, mental health, and higher number of male sex partners also were associated with having unprotected sex with female partners. We discuss the implications of these findings for health interventions.
Introduction
HIV/AIDS continues to be a significant public health problem in the United States [1] and worldwide [2] . Although treatment advances have increased the survival rates of those infected, HIV/AIDS treatment expenses and loss in productivity caused by HIV/AIDS represent a significant burden to society [3] . High-risk sexual behavior-sex with partners who have sexually transmitted infections without taking measures to prevent infection-is the second leading contributor to the burden of disease globally [4] . It is generally accepted that male condoms are the most efficient and effective technology against the spread of HIV and other sexually transmitted infections [5] . However, rates of male condom use are much lower than necessary to prevent the spread of infection and improvements in interventions to promote condom use are needed in order for the potential of condoms to be realized [6] .
In the United States, certain populations are more at risk for HIV than others, such as homeless populations [7, 8] . Homeless persons typically reside in poor urban areas where rates of HIV infection, drug use, needle use, and sexual risk behavior are high [9] [10] [11] [12] [13] . Unprotected heterosexual contact is a key route of HIV transmission in the United States [14] and men who self-identify as heterosexual make up the majority of homeless populations in large urban areas [8] . Both homelessness and HIV disproportionately affect African-American men [15, 16] . African-American women are also far more likely to be HIV? compared to other women in the United States and HIV infection is a leading cause of their deaths [17] . Heterosexual contact as the source of HIV infection among women has tripled in the United States since 1985 [18] . These facts suggest that developing HIV prevention interventions promoting increased condom use among homeless men is an important public health imperative [19] .
It is questionable how relevant existing condom promotion interventions are to the context of heterosexual homeless men's lives. For the most part, interventions targeting increased condom use to prevent sexual transmission of HIV have focused on either men who have sex with men (MSM) or heterosexual women [20] . Many HIV prevention interventions have had limited impact on heterosexual risk behavior, in part because they only focus on individual level characteristics, such as knowledge or attitudes [21] , and social contextual factors have been minimally addressed [22, 23] . Recent trends in research and intervention development efforts have attempted to broaden the context of heterosexual HIV risk to include a focus on the impact of cultural conceptions of gender on HIV risk behavior [24] . For the most part, these studies have hypothesized that men are influenced to engage in risky sex with women if they internalize traditional gender roles that promote sexual dominance over women [25, 26] . Some studies have hypothesized that this may be a key mechanism behind high rates of HIV among economically marginalized men, such as African-Americans, who may compensate for lack of economic power by exerting sexual power [18, [27] [28] [29] . The empirical support for these hypotheses has been mixed with some studies showing an association between traditional masculinity and high-risk sex [30] [31] [32] and others demonstrating in the opposite effect [26, 33, 34] . Our recent mixedmethods study of heterosexually active homeless men in Los Angeles investigated their culturally agreed upon ideals of masculinity [35] . The findings demonstrated that the most culturally salient gender beliefs were in opposition to traditional masculine ideology. However, men who deviated from the norm and supported beliefs consistent with traditional masculine ideology were more likely to engage in a variety of risky sexual behaviors and have more negative attitudes towards the need to engage in protected sex.
Very few studies have examined other contextual influences on high-risk heterosexual sex among homeless men. For example, very few studies have addressed how relationships influence high-risk sex among homeless men. In general, romantic relationships among homeless populations are neglected in the literature despite the importance of such relationships in the lives of homeless men, women and youth [36] . Relationship dynamics are important factors in condom use because relationship expectations, such as sexual fidelity, often seem contradictory to condom use and couples frequently develop rationalizations to justify their lack of condom use in obvious risk situations [21, [37] [38] [39] . Relationship characteristics have been associated with unprotected sex among homeless women and homeless youth [40] [41] [42] . Studies with non-homeless men have shown that men are more likely to use condoms with new and casual partners than with steady partners [43] , which highlights the importance of understanding the relationship context of condom use among heterosexual men. Two recent analyses from our mixed-methods study of heterosexual homeless men on Skid Row demonstrate the influence of relationships on unprotected sex among homeless men as well. Our qualitative analysis demonstrated that risk was a function of the relationship a man had with a woman. Homeless men discussed their lack of condom use with partners who were ''serious'' because they were viewed as low risk and trustworthy [44] . Our quantitative analysis of risk during a specific, recent sexual event found that homeless men were less likely to have used a condom if that sexual event occurred with a serious partner and if they communicated with their partners about HIV risk [45] .
Other studies have demonstrated non-relationship influences on condom use among homeless men, such as the severity of homelessness [46] , drugs and alcohol use [45, 47] , attitudes towards condoms [45] , and mental health [48] . No published studies to our knowledge have examined the broader social environment of heterosexually active homeless men related to the use of condoms. Characteristics of social networks have been linked to risky sexual behavior in homeless women [40, 49] and homeless youth [50] [51] [52] . The social networks of homeless men have been found to be associated with other risky behaviors, including drug and alcohol use [53] and concurrent sexual partnering [48] . This is consistent with the large and growing body of research demonstrating the importance of social networks to homeless and formerly homeless people and the association between social networks and the health behaviors and health outcomes associated with homelessness [54] [55] [56] [57] .
In this study we address the lack of information about the multiple contextual influences on condom use among homeless men in order to inform intervention development. We use a combination of a personal network and dyadic approach to understanding the correlates of unprotected sex within men's particular relationships with women, similar to other studies of condom use among homeless women and youth [40, 41] . The multi-level, one-to-many dyadic design [58, 59] allows for simultaneously testing multiple levels of influence (cultural, social network, individual, relationship) on condom use within particular relationships. Many condom use studies have focused on individual level factors that predict condom use, such as attitudes about protection and risk. However, condom use is a dyadic or relationship behavior. Individual level influences, such as attitudes about condoms, may influence all relationships equally or relationship characteristics may be more influential than individual level factors in particular relationships. This approach is consistent with the ecological approach to health intervention development in which behaviors are influenced by more than individual characteristics [60] [61] [62] [63] . The ecological approach acknowledges that: (1) understanding and intervening in health behavior requires a focus on multiple environments (e.g., social, cultural, organizational, physical) in which individual behaviors are nested; and (2) interventions should focus on specific behaviors and address the multiple levels of influence on these behaviors. An ecological framework that focuses on individual characteristics and behaviors within the broader context of relationships and social networks is necessary for more fully understanding and more effectively intervening upon risk behaviors [64] .
Methods

Participants
Participants were 305 homeless men randomly sampled and interviewed in the Central City East region of Los Angeles, a 40-square block area otherwise known as Skid Row, between July and October 2010. This area has the largest concentration of homeless adults in the city. Men were eligible if they were age 18 or older, had vaginal or anal sex with a female in the past 6 months, and experienced homelessness in the past 12 months (defined as spending at least one night on the street, or in a shelter, mission, vehicle, public or abandoned building, or voucher hotel because they did not have a home of their own or of a family member or friend to stay in). Participants were 46 years old, on average, and 73 % were African American (see Table 2 for further sample description). Computerassisted structured interviews were conducted by trained male interviewers.
Sample Design
To obtain a representative sample, we implemented a probability sample of homeless men recruited from meal lines in the study area. The list of meal lines in Skid Row was developed using existing directories of services for homeless individuals and performing interviews with service providers. Our final list contained 13 meal lines offered by five different organizations. Each meal line was investigated extensively to obtain an estimate of the average number of men served daily, which was then used to assign an overall quota to each site which was approximately proportional to its size. The second stage of the sampling design consisted of drawing a probability sample of homeless men from the 13 distinct meal lines. Men were selected for eligibility screening by their position in line using random number tables. Ninety-one percent of sampled men completed an interview.
Study Design: Personal Networks
We followed established procedures for conducting personal network interviews [65] [66] [67] . Personal networks (also sometimes referred to as ''egocentric'' networks) encompass the ties that surround a single focal individual, in this case, a homeless man [65, 66] . The personal networks of homeless men, including the network ties determined to be recent sex partners, are the focus of this paper. Personal network interviews are typically divided into three sections: questions designed to generate the names of people in the respondent's social network (alters), questions about each alter (network composition), and questions about the relationship between each unique pair of network alters (network structure). To generate alter names, we asked respondents to name, by first name or nickname only, 20 individuals that they knew, who knew them, and with whom they had contact sometime during the past year or so. Contact could be face-to-face, by phone, mail or e-mail. We selected 20 alters because it was a small enough number of alters to reduce respondent burden but large enough to reduce the bias and capture variation in measures of network structure and composition [57, 68] . Immediately after generating names of 20 alters, we asked respondents if they had named each of their recent female sex partners among the 20 alters. If not, we collected the additional names of up to four sex partners. To characterize the composition of the network, we asked men to answer a series of questions about each alter, including their background characteristics, behaviors, and relationship with the respondent. To measure the network structure, we asked men whether each unique pair of network alters knew each other and, if so, how often these two people interacted.
These personal network interview procedures provided data for a multi-level analysis of sexual risk behaviors. To measure the inherent relationship characteristic of unprotected sex, while also recognizing the individual level contributions to consistent condom use, we analyzed data at two levels. At the highest level (level 2, individual level), we analyzed variables measuring the men's demographic characteristics, attitudes about condoms and HIV, gender related attitudes, mental health, and social network composition and structure. At the lowest level (level 1, partner/relationship level) we analyzed variables measuring partner characteristics and characteristics of the relationship between the respondents and their partners. Also at the lowest level is the dependent variable, unprotected sex.
Data Analysis
To test which variables had significant associations with condom use controlling for other variables within and across levels, we built a multivariate, multi-level logistic regression model with a one-to-many personal network design [58, 59] . We used the gllamm procedure in Stata 10.1 [69] with a binomial family, and a logit link to test associations between the independent and dependent variables. To determine which variables were the best candidates for the final model, we first ran each variable alone in a bivariate model testing for an association with the dependent variable. We included variables that were significantly associated with the outcome variables at the 90 % confidence level in subsequent multivariate models.
Measures: Level 1 Variables (Partner/Relationship)
Dependent Variable
Unprotected sex with the individual partner was derived from two items asking how frequently respondents had sex with the partner in the past 6 months and how frequently they used male condoms when they had sex. Responses were dichotomized as: 0 = always used condoms versus 1 = one or more unprotected sex events.
Independent Variables: Perceptions of Partner Characteristics
Respondents were asked a series of questions about each of the alters they named and additional questions about the four most recent sex partners. In our previous exploratory interviews with homeless men, they indicated that where they met their sex partner and other characteristics were important considerations when deciding whether to use condoms [44] . Respondents indicated where they met their alters and interviewers selected one of a series of response options. We created variables indicating whether the partner was met on the street, at a bar or club, at a shelter, through someone else, through a job or school, or through a religious organization. Respondents also indicated whether their partners were homeless, whether they considered the partner a prostitute, and whether the partner had a steady job. We also asked respondents whether they knew the HIV status of their partners and, if so, what was the status. Since very few (n = 2) partners named by respondents were known to be HIV?, we created a variable indicating whether the partner was either HIV? or had unknown HIV status (vs. known to be HIV-). We created dichotomous variables for each of these partner characteristics (1 = yes, 0 = no).
Independent Variables: Relationship Characteristics
Respondents were also asked questions about their relationships with their sex partners. We derived relationship level variables from these questions, including their relationship status, measures of communication with the partner about risky sex, sex exchange, strength of their relationships, drinking and/or using drugs during sex with the partner, and the connectedness of the partner to the rest of the network. Respondents indicated if they considered their partners to be a wife or fiance´and if their relationship was monogamous (neither the respondent nor the partner were having sex with anyone else during this relationship). History of sex exchange was determined by asking men whether they had ever given this partner money, food, a place to stay, drugs, or something else in exchange for sex. Relationship strength was measured with several variables. First, relationship length was measured by asking respondents how long they had known the partner (converted to number of years). Respondents also indicated the frequency of contact with the partner over the past 6 months on average with a four point scale ranging from 0 = never to 4 = daily or almost daily. Respondents also indicated if they felt emotionally close to the partner (1 = yes, 0 = no) and if the partner had provided them with tangible support, such as food, money, clothes, or a place to stay (1 = yes, 0 = no) over the past 6 months. Relationship commitment was assessed with a three-item relationship commitment scale (alpha = 0.64), modified from scales used in previous studies of romantic relationships, including with homeless women [40, 42, [70] [71] [72] . Respondents were asked how much they agreed or disagreed (strongly disagree = 1, strongly agree = 4) with statements characterizing their relationships, such as ''Your life would be (was) very disrupted if (when) this relationship ended,'' and ''You are (were) extremely committed to this relationship.'' These ratings were averaged for each partner. Communication about risk was assessed with two questions: respondents were asked if they or their partner had ever discussed condoms and discussed HIV prevention with the partners (1 = yes, 0 = no). Respondent's and partner's frequency of alcohol and drug use before/during sex was assessed with four separate items asking about behavior during the past 6 months. Response options were converted to percentages: ''never'' = 0 %, ''less than half the time'' = 25 %, ''half the time'' = 50 %, ''more than half the time'' = 75 %, and ''always'' = 100 %.
Partner connectedness with the respondent's network was measured with a variable that was constructed from a series of questions we asked about the relationships among all of the network alters. Respondents were asked if each unique alter-alter pair had any contact with each other in the past year. Based on these answers, we calculated the partners' closeness centrality [73] , which is a continuous measure of how directly or indirectly connected a particular alter is to all the other members of a network. The closeness centrality measure ranges from 0 (not connected at all) to 100 (directly connected to the whole network).
Measures: Level 2 Variables (Individual)
Demographic variables included age, race and ethnicity, income in $100 dollars per month, and homeless severity. We calculated the age of the respondent in years by asking the respondent's birth date and comparing that with the date of the interview. Homeless severity was measured by asking the number of days the respondent has been homeless in the past 6 months. Separate questions asked about ethnicity and race, and men were classified into one of four groups for analysis: African American, Hispanic, non-Hispanic White, and Other.
Mental health variables that have been associated with risky sexual behavior among poor and homeless men included a general measure of mental health and a measure of PTSD. General mental health was measured with the MHI-5, a fivequestion, five-point Likert-type screening scale [74, 75] . The MHI-5 consists of five questions asking respondents to rate the frequency of recent (past month) emotional experiences, such as how often they felt ''calm and peaceful'', ''downhearted and blue'', and ''a happy person.'' Items were rated on a five point scale from ''None of the time'' to ''All of the time.'' All answers were re-coded so that higher numbers represented positive moods producing raw scores from 5 to 25. The scores were standardized with a linear transformation from 0 to 100 with 100 representing maximum positive moods experienced in the past month and 0 representing maximum negative moods (a cut-off point of 60 or below is recommended for screening potential mood disorders) [75] . PTSD was measured with the Primary Care PTSD Screen [76] , a 4-item screener originally designed for use in primary care settings. The four items reflect four underlying factors specific to PTSD: re-experiencing, numbing, avoidance, and hyperarousal. Respondents in this study are defined as screening positive for PTSD if they answer 'Yes' to at least three items. A cut point of 3 on the Primary Care PTSD Screen has been shown to maximize sensitivity and specificity of this measure in primary care patients [77] . In a primary care setting, persons identified as having at least three of the four PTSD symptoms would then be administered a structured interview to formally diagnose PTSD [76] .
Respondent recent sexual experiences were measured with two variables: the number of recent (6 months) female sex partners and the number of recent male sex partners.
Attitudes about pregnancy, condoms, HIV were assessed with separate measures. Concern about pregnancy was measured with a single item asking the respondent how important it was to avoid getting a woman pregnant right now (1 = very important, 2 = somewhat important, 3 = a little important, 4 = not at all important). Negative attitudes towards condoms (4 items; sample item: ''Using condoms makes sex less enjoyable'' [78] ; a = 0.74), condom use self-efficacy (four items; sample item: ''It is too much trouble to carry around condoms'' [79] ; a = 0.54), and HIV susceptibility (three items; sample item: ''You worry about getting infected with HIV or AIDS'' [40, 41] ; a = 0.65) were rated on a 4-point scale (1 = strongly disagree to 4 = strongly agree).
Gender-related beliefs were assessed with four measures, using items adapted from existing scales to increase their relevance to homeless men [35] : (a) general traditional masculine ideology or ''machismo'' (11 items; sample item: A man should not show emotions or weakness [80] ; a = 0.69); (b) traditional masculine beliefs about sexual relationships (ten items: sample item: The man should be more sexually experienced than the woman in a relationship [81] ; a = 0.75); (c) sexual relationship power in men's typical relationships with women (five items; sample item: I always need to know where she is when she isn't with me [82] ; a = 0.62); and (d) general distrust of women (four items; sample item: It is generally safer not to trust women too much [83] ; a = 0.75). All gender-related belief items were rated from 1 = strongly disagree to 4 = strongly agree. We also used an additional measure of the correspondence to culturally agreed upon masculinity ideals among homeless men on Skid Row [35] . We developed this measure specifically for homeless men on Skid Row. It ranges from 1 (perfect correspondence to the group consensus) to -1 (perfect deviation from the group consensus). Low scores on this measure correspond with beliefs in traditional masculinity, rejection of the importance of romantic relationships, and behaviors and attitudes consistent with high-risk sexual behavior [35] .
Overall network characteristics
We assessed men's perceptions of normative sexual risk behaviors in their social networks because these have been associated with risky sexual behavior in previous research [84] . This was measured by asking men to rate how likely each of their network alters were to have done any of the following things in the past 6 months: had multiple sex partners, had sex with someone they did not know, or did not use a condom with a new partner (1 = unlikely, 2 = somewhat likely, 3 = very likely). From this information we calculated for each respondent the percentage of the non-sex partners named in the respondent's network whom the respondent rated as either somewhat likely or very likely to engage in risky sexual behavior. Men were also asked if they discussed HIV prevention with each network alter and we created a measure of the percentage of non-sex partners with whom they had these discussions. We also created a measure of the percentage of their network alters who were homeless.
Results
Tables 1 and 2 present descriptive statistics for the independent variables included in bivariate logistic regression tests of association with unprotected sex. Tables 1 and 2 also include the odds ratios and 95 % confidence intervals for these models. Table 1 presents partner/relationship  level variables and Table 2 presents respondent level variables. The 305 respondents discussed 665 relationships with female sex partners: 25 % named four partners, 12 % named three partners, 21 % named two partners and 43 % named one partner. Three partner characteristics were associated with unprotected sex in a bivariate model: unprotected sex was more likely with homeless partners and partners met on the street and less likely with partners who were either HIV? or had unknown HIV status. Meeting the partner in other locations, such as at a bar or club or at a shelter, was not significantly associated with unprotected sex at the bivariate level. Other partner characteristics, such as if the partner had a steady job, if the partner was a prostitute or if the respondent knew that the partner had tested positive for HIV were also not significantly associated with unprotected sex.
Seven relationship level variables were associated with unprotected sex in bivariate models. A respondent was significantly more likely to report engaging in unprotected sex with a female partner if he saw the partner frequently, felt emotionally close to the partner, received tangible support from the partner, and felt highly committed to the relationship. Respondents were significantly less likely to engage in unprotected sex if they discussed condoms and HIV risk with their partners. The overall connectivity of the partner with the rest of the respondent's network was also significantly associated with higher odds of unprotected sex. Condom use was unrelated to relationship length, as well as whether the partner was a wife/fiancé, the relationship was monogamous, the partner had been given something in exchange for sex, or either partner engaged in substance use before/during sex. Ten respondent characteristics were significantly associated with unprotected sex with particular partners in bivariate tests. PTSD was associated with increased odds of unprotected sex while overall mental health was associated with lower odds of unprotected sex. Higher numbers of female and male sex partners were each associated with greater odds of unprotected sex. Pregnancy concerns, positive condom beliefs, and beliefs about HIV susceptibility were significantly associated with increased odds of unprotected sex while greater condom efficacy was significantly associated with lower odds of unprotected sex. The measure of correspondence to culturally relevant masculinity ideals was marginally associated with decreased odds of unprotected sex. Other measures of traditional masculine ideology and relationship power were not bivariately associated with unprotected sex. One measure of social network norms was associated with condom use: higher proportions of non-sex partner network members who were rated as likely to engage in risky sex was associated with higher odds of unprotected sex. None of the demographic variables (age, race/ethnicity, income, homeless severity) were significantly associated with unprotected sex in bivariate models. Table 3 presents the results of the multi-level multivariate model testing associations with unprotected sex for a particular partner. The model included all variables that were significant in bivariate tests at the 90 % confidence level and demographic controls (age, race/ethnicity, income and homeless severity). The model identified significant correlates of unprotected sex with a particular partner at both the individual and partner/relationship level. None of the demographic characteristics were significantly associated with unprotected sex at the 95 % confidence level. The MHI-5 scale (but not PTSD) was correlated with unprotected sex at the 95 % confidence level: each additional point on the scale towards a more positive mood was associated with a 3 % reduction in the odds of engaging in unprotected sex (p = 0.034). Because the raw scale ranged from 5 to 25, any one-point change in an answer to any one raw scale item (e.g. changing from ''most of the time'' to ''all of the time'') represented an 12 % reduction in the odds of engaging in unprotected sex. The number of male sex partners in the past 6 months (but not the number of female sex partners) was also associated with unprotected sex with a female sex partner: each additional male sex partner was associated with a 2.18 times increase in the odds of engaging in unprotected sex (p = 0.026). The measures of condom efficacy and negative condom beliefs were also correlated with unprotected sex: an increase in one point on the condom efficacy scale was associated with a 69 % reduction in the odds of unprotected sex with a female partner and the odds of unprotected sex with a partner increased 2.16 times with each one point increase in the negative condom beliefs scale. All other respondent level variables (e.g., concern about pregnancy, HIV susceptibility, normative network risky sex, masculinity beliefs) were not significantly associated with unprotected sex at the 95 % confidence level.
Several partner and respondent level variables were associated with unprotected sex. Odds of unprotected sex were 2.64 times higher if the respondent met the partner on the street, and the odds of unprotected sex increased by 53 % for each incremental increase in frequency of contact between the respondent and the partner (e.g. from ''once a week'' to ''twice a week''). The odds of unprotected sex were 3.94 times higher if respondents felt emotionally close to their partners and each point increase on the relationship commitment scale increased odds of unprotected sex by 84 %. Respondents were much less likely to engage in unprotected sex with partners with whom they discussed HIV risk/protection (the odds of unprotected sex Proportion of non-sex partners in social network rated as likely to engage in risky sex was reduced by 90 %) and condoms (odds reduced by 95 %). The more central the partner was to the respondent's network, the more likely they were to engage in unprotected sex: each one point increase in closeness centrality corresponded to a 2 % increase in the odds of unprotected sex. However, condom use was not significantly associated with whether the partner was homeless, HIV-positive or of unknown serostatus, or had provided tangible support to the respondent.
Discussion
This study presents findings from an extensive investigation of the multiple levels of influence on unprotected sex among homeless men who are heterosexually active. Our findings are consistent with an ecological approach to understanding health behavior and demonstrate that condom use decisions are the result of factors beyond individual level attitudes about condoms and knowledge about the risks associated with unprotected sex [21] . Our findings especially confirm research demonstrating that understanding the context of risk decisions, especially the relationship context, is essential to understanding decisions about engagement in high risk sexual behavior [38] . Similar to multi-level dyadic analyses of unprotected sex among homeless women [40] and homeless youth [41] , relationship commitment was strongly associated with unprotected sex among homeless men. Several other aspects of homeless men's sexual relationships also were associated with unprotected sex, including meeting the partner on the street, frequent contact, feeling emotionally close, and the centrality of the partner to the respondent's social network. Although the finding that relationship factors are associated with unprotected sex is not novel, the finding that several of these relationship factors were significant indicators of unprotected sex controlling for each other was novel. High relationship commitment, frequency of contact, feelings of emotional closeness, and being central in the respondent's social life were not highly correlated, and were each independently associated with having unprotected sex with female partners. Based on our exploratory interviews with homeless men on Skid Row, we did not anticipate that they would be more likely to engage in unprotected sex with women they met on the street, or that there would be a lack of association with factors such as the partner's HIV status, meeting her in a bar or club, having a monogamous relationship, sex exchange/history of prostitution, employment status, meeting her through a religious organization. In our exploratory study of the perceptions of risk among homeless men [44] , respondents described heuristics they used to determine the riskiness of partners, including evaluations of partner and relationship characteristics that would make them more likely to use condoms. These characteristics included where they met their partners (e.g. on the street, in bars/clubs), the infection status of the partner (e.g. knowing the results of her STI test), whether the woman was respectable (e.g. had a good reputation, had a job, met her at church, knows that she engaged in prostitution), and if they trusted the partner to be faithful. However, none of these factors were associated with unprotected sex in our multi-level analysis. This may be an indication that men may describe rules of thumb for assessing partner risk that they do not necessarily follow for particular partners.
Several recent exploratory studies suggest that understanding the impact of homelessness on romantic relationship formation and maintenance is key to understanding the relationship context of risk behavior among homeless men [35, 36, 44] . In our exploratory interviews, men described the difficulties they experienced in developing committed relationships with women while being homeless [35] . They discussed many barriers to forming and maintaining stable adult relationships with women on the street, such as shelter policies that separate men and women, yet many men also believed that relationships with women were important and worth pursuing despite these challenges. Men also described how feelings of trust developed within partnerships for difficult to articulate reasons (e.g. ''Like you can feel it, you know?….with her I didn't use a rubber. I trusted her.'' [44] ), as well as how these feelings of trust lead to a natural progression towards unprotected sex, even sometimes in short-term relationships or with partners who they knew were having sexual relations with other men. These qualitative findings together with the quantitative results from the present study suggest that homeless men may have a variety of indicators for identifying relationships worthy of trust. The barriers to forming stable relationships and men's desire for intimacy may lead men to broaden their criteria for which partners were worthy of trust. Men may develop a sense of familiarity, emotional closeness, or commitment to women they interact with frequently on the street or who are connected to the same people that they know and these feelings may make them ignore potential signs of risk. Another important relationship factor in their relationships with female sex partners is their communication with these partners about risk and protection. Men who communicated with their partners about risk and protection were much less likely to engage in unprotected sex with these partners, suggesting that men who are engaging in unprotected sex with their partners are not discussing the consequences of these behaviors. Unfortunately, having multiple short-term relationships involving unprotected sex are key ingredients in the spread of HIV.
This pattern of sexual relationships due to economic constraints may explain many of the racial-ethnic disparities in heterosexual HIV transmission [85] .
These findings support recent research that has identified a link between the lack of stable housing and increased HIV risk [19, 86, 87] . Studies have linked unstable housing to increased HIV risk in many different populations, including women who are living in low-income housing developments [88] or are homeless [89] , female sex workers [90] , injection drug users [9, 91, 92] , and MSM [93] . Housing is also a factor in the risk behaviors of people living with HIV [12, 94, 95] . Our study is one of the only studies to address the relationship between HIV risk through unprotected sex and homelessness among heterosexual men. The collection of significant relationship level associations, together with our qualitative findings, suggest that homelessness likely erodes heterosexual relationships among homeless men, causing an indirect effect on HIV risk by limiting men's ability to fulfill their desire for intimacy with a romantic partner to short-term, unstable relationships. Also, the lack of a direct association between homeless severity and unprotected sex suggests that the immediate condition of homelessness is the dominant factor shaping relationship outcomes. Other studies have also identified homelessness as a dominant factor in shaping the quality of sexual relationships [56] . Homelessness is often the main context in which risk factors for HIV risk take place for homeless people [19] and there have been arguments that housing assistance to those who are homeless or precariously housed offers the best and most direct form of HIV prevention [86] .
Several of our findings suggest that interventions beyond the provision of stable housing could have a positive impact on reducing unprotected heterosexual sex among homeless men. There were several individual level associations with unprotected sex that remained significant after controlling for relationship level factors. We found that mental health was a factor in unprotected sex: men who had better overall mental health were less likely to engage in unprotected sex. This suggests that mental health treatment could have an indirect effect in reducing HIV risk behavior among homeless men. We also found that men who were homosexually active and had a greater number of male sexual partners were more likely to engage in unprotected heterosexual sex. However, the total number of female partners was not significantly associated with unprotected sex. This suggests that men who have sex with men and women (MSMW) may have patterns of risky behavior separate from exclusively heterosexual homeless men. More in depth research is required to better understand the differences between homeless MSW and MSMW in order to determine if there is a need for interventions customized for homeless MSMW. Finally, men who had more negative feelings about condoms or who felt that using condoms was a challenge were less likely to engage in unprotected sex. These findings are similar to studies of unprotected sex among homeless women [40] and youth [41] , and suggest that existing intervention approaches for improving condom availability and condom use skills and efficacy are likely to have some positive effects on improving rates of condom use among homeless MSW [6] .
We did not find support for the hypothesis that heterosexual men are more likely to engage in unprotected sex if they hold traditional masculine beliefs. We explored this hypothesis with several different measures of traditional masculine ideals, both generally and within their relationships with women. Only one measure was marginally significant in bivariate associations with unprotected sex: men who had beliefs that deviated from the group masculinity beliefs tended towards unprotected sex. However, this association was weak and was not even marginally significant in the multivariate multi-level model. These findings call into question the assumptions about gender ideals and high risk sex among heterosexual men, especially the assumption that men who are economically marginalized would develop hyper-masculine beliefs regarding their relationships with women and that these beliefs would drive sexual risk behavior with women [18, 27, 28] . If this hypothesis was correct, the respondents in this study-homeless and primarily African-American men-would seem to be the most likely men to compensate for their economic marginalization by cultivating traditional masculine attitudes towards their relationships with women and these attitudes would drive risky sexual behavior. Although HIV prevention interventions for women have had some success incorporating a focus on gender and confronting traditional masculine roles [18, 24] , other factors appear to be more relevant correlates of unprotected sex for homeless men.
However, it is premature to conclude from this study of homeless men that gendered beliefs are irrelevant to heterosexual risky sex. Although this study provides some of the strongest evidence of the multiple influences of unprotected sex among homeless men in Los Angeles's Skid Row area, it is not without limitations. Our sample consisted entirely of homeless men and did not include a comparison sample of non-homeless men. A more comprehensive test of this hypothesis would include a comparison between homeless men and men who are less economically marginalized. Also, gendered ideals are cultural and are situated in particular populations at particular points in time. Our sample was selected to produce findings generalizable to homeless men in Skid Row, Los Angeles. We cannot assume that these data are representative of homeless men in other geographic areas. Thus, it is possible that other populations of economically marginalized men may be more likely to endorse traditional masculine ideology and compensate for their marginalization through high-risk sex with women. If this is the case, under these cultural circumstances it may be beneficial to craft HIV prevention interventions with traditional gender roles in mind.
This study had a few other limitations worth noting. First, the study is cross-sectional and the interpretation of our findings is limited to identifying associations rather than causation. In order to demonstrate causation, future studies would need to collect longitudinal data in order to establish temporal order in addition to variable associations. Also, without longitudinal data, we cannot disaggregate the within-person effects from the between-person effects [96] . Nearly half of our respondents only had one partnership to report which limits our ability to test if some men tend to have certain types of relationships in which they do or do not engage in unprotected sex. Also, the data are based on self-reports of respondent's own characteristics and behaviors as well as the characteristics and behaviors of their social network ties. The social network data are also based on respondents' perceptions of their personal networks rather than self-reports of the connections by network alters themselves [97] . Although such perceptions are important predictors of behavior, these perceptions may not match the actual behavior or social network characteristics of network alters.
Conclusions
This study presents strong evidence that there are multiple factors at different levels of analysis that shape HIV risk among homeless men through unprotected sex. Our study demonstrates that, similar to other populations, homeless men are influenced by their relationships to engage in unprotected sex. Romantic relationships of homeless populations are often ignored in the public health literature despite the importance of romantic relationships for a range of health outcomes and behaviors [36] . This study demonstrates that HIV prevention interventions should include a focus on relationships and their effect on risk behaviors. The study also demonstrates that characteristics of homeless men, such as their mental health and attitudes towards condoms, influence their risk behavior with particular partners. These multi-level influences on unprotected sex reinforce arguments that health behavior interventions should be ecologically based, should incorporate multiple levels of influence, and should not focus exclusively on individual level characteristics, such as HIV knowledge or condom use attitudes and skills. Finally, we suggest that our findings are best interpreted in light of the growing literature identifying the lack of stable housing as a key contributor to health risk among homeless men. Homeless men's relationships and behaviors with their partners are shaped dramatically by their housing status. Although behavioral interventions targeting HIV risk behaviors of homeless men may have some effect on their HIV risk, interventions that include the provision of affordable housing in addition to support for behavioral change are likely to have the greatest impact on reducing the spread of HIV among homeless men and their partners.
